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TRIARYLIMIDAZOLE DERIVATIVES AS CYTOKINE INHIBITORS 

This invention relates to pyridyl substituted triaryiimidazoles which are inhibitors of the 
transformmg growth factor, ("TGF")-p signaling pathway, in particular, the phosphorylation of 
ore t*" Sma ^ * e TGF-B type I or activin-like kinase ("ALK")-5 receptor, methods for their 
preparation an I then- use in medicine, specifically in the treatment and prevention of a disease 
state mediated by this pathway. 

TGF-01 is the prototypic member of a family of cytokines including the TGF-Bs 
actons, inhibins, bone morphogeny proteins and MUllerian-inhibiting substance, that signal 
^7 , 1 I y ^ tranSmembrane ^ine/threonine kinase receptors. These receptors can 

TheALKreceptorsared.stmguishedfm^ 
*e serineAhreonme nch intracellular tail, (b) possess serine/threonine kinase domain' that are 
very homologous between type I receptors, and (c) share a common sequence motif called the GS 

terminal end of the intracellular kinase domain and is critical for activation by the type JJ 
receptor. Several studies have shown that TGF-8 signaling requires both the ALK and type H 

forT^B AT ^ ^ *" ^ 11 reCePt ° r Ph ° s ^ ,ates ^ GS ^ain of the type I receptor 
for TCF-B, ALK5, m the presence of TGF-B. The ALK5, in turn, phosphorylates the 
cytoplasmic proteins smad2 and smad3 at two carboxy terminal serines. Generally it is believed 
that n many species, the type JJ receptors regulate cell proliferation and the type I receptors 
Z Zm2 TT° n ' Preferred C ° mpOUnds ^ mention are selective in that 

Activation of the TGF. P 1 axis and expansion of extracellular matrix are early and 
persistent contributors to the development and progression of chronic renal disease and vascular 
disease Border W.A., Noble N.A., N. Engl. J. Med., Nov. UAm^t^^ZL* 
TGF-31 plays a role m the formation of fibronectin and plasminogen activator inhibitor-1 

7ZZ1£ t v T itS ' thr ° Ugh ^ aCti0D ° f Smad3 ^P^on by the TGF- P 1 
UsuTt ST- v " e X H ' NatUre > Au * 27 » »998; 394(6696):909-13; 

H W t^w Y " SUZUki ^ IShIda K » T-» Miyata K., Kawabata M. Yamas ita 
H., Invest. Ophthalmol. Vis.Sci,Oct. 1998; 39(1 l):l981-9 

and d Mi rT SiV<! f,broSiS *' ^ """""^ * « major cauae of arfTeru,,, 

and dead, and an -oporto* contributor to the eos, of health ca„. TOF-|31 haa been hnplioated u, 

331( 1 9). 1286-92. TGF-pi ia elevated in acute and ehronic glomerulonephritis, Yoahiok. K, 

«8(2)J5^3,dnd K t,ene P hropathy > Yamamoto,T,Nakamu ra ,T,N<*le,N^ Ruoslahti E 
Bother, W.A (,993) Ml, 9.;,8,4- 1 8,8, allo^ft rejection!™ neph™^ *" 

33W9W286"92^ T^T*' W - A -™^« *+ * ^.Nov. ,0, ,994 ; 

331( 9M28WI2. te'»^d B eaaeathel.vel S ofTGF. P l«xpr« ss ione<,ineidemd,tf,ep I odue t ion 

and the prcduchon of mturix. First, no™, gtaeru.i, taesangitU ce(ls 
."dneedto^duoee^Hular-n.^^^^ , prote as e ^ by exo gen0 ™ 
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PI in vitro. Second neutralizing anti-bodies against TGF-pi can prevent the accumulation of 

,'" ° ep rats - Third ' Tam ■ raMgenic miM " ta ™° «-**■ of 

fte TOF-pi I gene mto nonnal rat kidneys resulted in the rapid development of glomerulosclerosis 
Kopp Factor V.M., Mozes M., Nagy P., Sanderson N, Botti» g er E.P., Kiln, P E 
Thorgeirsson S S., Lab /nves,, ,„„e , 99 6; 74(6) : 991-1003. Thus, inhibition of TOF-B1 activity is 
indicated as a therapeutic intervention in chronic renal disease. 

TOF-Pltmditereceptoraaretoweasedin^^ 
neo,„,,ma formatron following balloon angioplasty, Saltia J., Agrotis A., Bobik A C/m E*» 

1996;23(3) : ,93-200. In addition TGF^p, b a potelt utuoVof 
smooft muse e ceM ("SMC") migration in vi'tro and migmtion of SMC in me arterial^ is a 
contesting factor ,n the pathogenesis of atherosclerosis and reatenoais. Moreover in 
muhrvariate analysis of the endothelial ceU products against total choleatero!, TGF-'b receptor 
ALW coated w,«h,„tel cholesterol (P <O0Ol)B. M1 n,A J D, ! Wa„g J .M., Wi,so„P.B.,K lm ar 
S ^*™*™"' Feb ' l996 > "«K'-2):221-6. Furthertnore, SMC derived from human 
aterosclerotic lesions have an increased ALK5/TGF-B type H receptor ratio. Because TGF-B1 ia 
over-expressed ,„ fibroproliferative vaacular leaiona, recepto.varian, cells would be „,„„«, , 0 

m17 ^ b r°T to ' WM ^* leOVe ^ UOhgeI * a -' l '' l -»'^compo„en te 
McCafircy TA., Consign S ., D„ B., Falcone D J, Sanborn T.A, Spokojny A.M„ Bush HX ft 
yarn 7m.«r, Dec. ,995; 9«(6) : 26«7-75. TGF-pi waa immunolooalized to non-ioamy 
macrophages m atherosclerotic lesions where active matrix synthesis oceunt, suggesting that non- 

^elmgvra a TGF-p-dependen. mechanism. Therefore, inhdntmgme action of TGF-pi on 
ALK5 is also indicated in atherosclerosis and reatenoais. 

„„ .. T ° F t " "J" '° < " Cate< ' " W °°" <l repair - Neutra| ki»6 «»«ihodies to TGF-pi have been 
used in a number of models to illustrate that inhibition ofTGF-pi signaling is benLal in 
reahrnng function after injury by limiting excosaive scar formation during I healing proL 
For example, neutralizing antibodies to TGF-pi and TGF-P2 reduced scar formation and^^" 
improved tile cytoarohitecmre of die nebdermis by reducing the number ofmonocy.es and 

cc«. oct, 1995, MS, 985-1002. Moreover, TGF-P antibodies also improve healinn of oorae.1 
wounds in rabbits Moller-Pedersen T, Cum &e Jfe, too. , 7 nJZ „". 

h«.ii..-<' _• , . . ^-«rr. jsyensr., ivva, 17, 736-747, and accelerate wound 

h^ng of gastric ulcem ,n the n*. Ems. R, On,, ,996, 39, 172-175. These data strongly sung" a. 

disesse wim chrome elevation ofTGF-p would benefit by inhibiting smad2 anlnatB si ^ ling 

M A iU° imPUCa,Wl Peri '° nMl adl,e8i0,,S Sled 0 M -. W., Chegini N 

Holmdah. L and Diamond MP., Wo^pair ^era.io, W. wJo, mN^c 

T,r f ALKS *-**« ^ealandsub-dl^ 

tibrohc adhesions following surgical procedures. 

mount,, ™ 1 f P1 - M " bodies P re y e ™ «™*P'-<ed renal nimor growtt in nude mice through what ia 

^Woo.^n-ncrs, 9: 433A (Abstiact). While the tumor itself la no. responsive ,o TGF-P the 
sumnmdmg tissue ia responsive and supports tumor growth by neovascularization of tite TOF^p 
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secreting tumor. Thus, antagonism of the TGF-P pathway should prevent metastasis growth and 
reduce cancer burden. 

Surprisingly, it has now been discovered that a class of 2-pyridyl substituted 
triarylimidazoles of formula (I), function as potent and selective non-peptide inhibitors of ALK5 
kinase and therefore, have utility in the treatment and prevention of various disease states 
mediated by ALK5 kinase mechanisms, such as chronic renal disease, acute renal disease, wound 
healing, arthritis, osteoporosis, kidney disease, congestive heart failure, ulcere, ocular disorders 
corneal wounds, diabetic nephropathy, impaired neurological function, Alzheimer's disease, 
trophic conditions, atherosclerosis, peritoneal and sub-dermal adhesion, any disease wherein 
fibrosis is a major component, including, but not limited to lung fibrosis and liver fibrosis and 
restenosis. ' 

According to the invention there is provided a compound of formula 0) or a 
pharmaceutidally acceptable salt thereof: 




wherein Ri is naphthyl or phenyl optionally substituted with one or more substituents ^ 
selected from the group consisting of halo, -0-Ci_ 6 alkyl, -S-C^alkyl, Ci 6 alkyl Ci 
ehaloalkyl, -0-(CH 2 ) n -Ph, -S-(CH 2 ) n -Ph, cyano, phenyl, and CC^R, wherein R is hydrogen or 
C^alkyl, and n is 0, 1, 2 or 3; or Rj is phenyl fused with an aromatic or non-aromatic cyclic 
ring of 5-7 members wherein said cyclic ring optionally contains up to three heteroatoms, 
independently selected from N, O and S; 

R 2 is H, Chalky!, C^alkoxy, phenyl, NH(CH 2 ) n -Ph, NH-Ci. 6 alkyl, halo, or alkoxy, 

o^„ T 3 15 C0 ° H ' tetraZ ° ,e ' ^ N02 ' OH » - S - C l-6aIkyl, -SO-C^alkyl, -O-CLgalkyl, 
SONH 2 , CHO, CH 2 OH, (CH 2 )„NH 2 , CONHOR, (XCH^CC^R, OCCH^CONHR' 
CONHR', (CH 2 ) n CC)2R', or (CH 2 ) n CONHR wherein R' is hydrogen or C^alkyi, and n is 0 1 
2 or 3; and " ' - , , 

one of Xi and X 2 is N or CR", and the other is NR" or CHR" wherein R" is hydrogen 
C, , 6 alkyl, or C 3 _ 7 cycloalkyl; or when one of X] and X 2 is N or CR" then the other may be S or 

provided that the compound is not one in which Rf is naphthyl or phenyl optionally 
subst.tuted with one or more substituents selected from the group consisting of halo, -O-C, 
ealkyl, -S-Cusalkyl, C^alkyl, -0-(CH2) n -Ph, -S-(CH 2 ) n -Ph, cyano, phenyl, and CO2R " 
wherein R is hydrogen or C,. 6 alkyl and n is 0, 1, 2 or 3; or K\ is phenyl fused with an aromatic 
or non-aromatic cyclic ring of 5-7 members wherein said cyclic ring optionally contains up to two 
heteroatoms, independently selected from N, O and S; 

and R 2 is H, NH(CH 2 ) n -Ph or NH-C^alkyl! 
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S M» £ T" herei °" ** d ° Uble b °" d indicaKd * *« dotted of f»™«la (I) represents 

JVT^ nc ,ine forms of *• compounds 6llin « within «*• «°p° «f ■* i3tio„ r* 

»rC^ ™£ Xl X2 ^ ** *°» *• *— bond col ° 

10 Preferably R, is optionally substituted naphthyl or phenyl More m*frn.hh, p • u 

« snbaihued ^ . or raore 1JS£££££Z* 

yclic nog of 5-7 member where.n satd cyclic ring optionally contains up to two hete'roatoms 
.ndependendy se.ec,.d frotn N, O and S, and is optionally suited by ir> fc^I 7 

q moxamy, • ^Cl ASloxadiazolyl, ^[.^ua^^,^,^^ 
dthydrobenzotoany,, bcnzo(l,4]oxazinyl-3-one or berrzoxazolyl-2-o J ' ' 

«v ™^ R 2 is °"" ll ™Mro g en. When R 2 is other dun hydrogen it la prcferablv 
poa.t.onedo^.otten.Vogenofthcpyridy.ring. R 2 is preferably nrelhyl 

Preferably R 3 . COjft COMH 2 , CONHOR CH 2 OH, CN or telrazole. 

^^"""fXl^dXzfaNorCR-.andtheotherisNR-orCHR'whereinR-i, 
^rng^c.^alkyt.o.CMcyc.oattyl.providedthata.^oneofX, andX^Nor^- „r 

25 Preferably each R" is hydrogen. 

weigh. of^rLt " >'"! ° f *• taVe " ti0 " P" fe «o'y »ave a tnolecnlar 

weight ot less than 800, more preferably less than 600 

™" d! ? f Vr"" 0 " WWch may to men,i0 " ed <■ following: 

35 b^niS ^^ Fl ^^^ n ^^P^^>'*^l 2 .y 0 . * 
benzantit!^'"^^^ 

yi]b M2 otwr iu °^ meuwwhMyi>5 ^ me * yi ^ 

40 yObenJ^'" 0 ^"^^ 
y^n^r* 0 ^ 
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4-[4-Benzo[l,2,5]oxadiazol-5-yl^ 

4-[4K6-Methoxynaphthalen-2-yl).5-(6-methylpyridin-2.yl)-l^.imidazol-2- 
yl]benzonitrile; ' 

4-C4-(6-MethoxynaphthaIen-2-yl>5-(6-methyIpyridin-2-yl)-l^Mmidazoi-^ 
yl]benzamide; 

4-[4-Benzo[l,2,5]thiadiazol-5-yl-5-^ 
yl]benzonitriIe; 

4-[4-Ben 2 o[l,2,53thiadiazol-5-yl-5^ ra ethylpyridin-2-yl>l/f-i ra ida Z o 

4-[4-Benzo[l,3Jdioxo!-5-yl-5-(6^methylpyridin-2-yl-lfr-iraidazo!.2-yl] benzonitrile- ' 
4-[4-Benzo[l,3]dioxol-5-yl-5^6^^ 

M2^Cyanophenyl>5-(6-memylp^^ and 

6^[2<4.Carboxamidophenyi>5^methylpyridin-2.y!).l/f-imidazo 
and pharmaceutically acceptable salts thereof. 

Suitable, pharmaceutically acceptable salts of the compounds of formula (I) include but 
15 are not lunited to, salts with inorganic acids such as hydrochloride, sulfate, phosphate 

diphosphate, hydrobromide, and nitrate, or salts with an organic acid such as malate, maleate 
fumarate, tartrate, succinate, citrate, acetate, lactate, methanesulfonate, p-toluenesulfonate 
palmitate, salicylate, and stearate. 

Some of the compounds of this invention may be crystallised or recrystallised from 
solvents such as aqueous and organic solvents. In such cases solvates may be formed This 
mvemion mcludes within its scope stoichiometric solvates including hydrates as well as 
compounds containing variable amounts of water that may be produced by processes such as 
lyophilisation. 

Certainofthe compounds offormula (I) may exist in the form of optical isomers e g 
diastereoisomers and mixtures of isomers in all ratios, e.g. racemic mixtures. The invention ' 
includes all such forms, in particular the pure isomeric fonns. The different isomeric formsmay 
be separated or resolved one from the other by conventional methods, or any given isomer may 
be obtamed by conventional synthetic methods or by stereospecific or asymmetric syntheses 

S ™ e * e pounds of formula (I) are intended for use in pharmaceutical compositions 
•t will read, y be understood that they are each preferably provided in substantially pure form for 

example at least 60% pure, more suitably at least 75% pure and preferably at least 85% 
especially at least 98% pure (% are on a weight for weight basis). Impure preparations of the 
compounds may be used for preparing the more pure forms used in the pharmaceutical 
compos.tions; these less pure preparations of the compounds should contain at least 1%, more 
sintably at least 5% and preferably from 10 to 59% of a compound of the formula (I) or 
pharmaceutically acceptable derivative thereof. - 

The term "Chalky!" as used herein whether on its own or as part of a larger group e g 
C , _ 6 alkoxy, means a straight or branched chain radical of 1 to 6 carbon atoms, unless the chain 
length is limited thereto, including, but not limited to methyl, ethyl, n-propyl, isopropyl, n-butyl, 
40 sec-butyl, isobutyl and tert-butyl. ' ' 

Ci.6 haloalkyl groups may contain one or more halo atoms, a particular Ci 6 haloalkvl 
group that may be mentioned in CF3. 
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The terms "halo" or "halogen" are used interchangeably herein to mean radicals derived 
trom the elements chlorine, fluorine, iodine and bromine. 

of, , ^T" 1 nCy ?°* lkyl " ' lS USed herein at 3,1 occu <™<** *> mean cyclic radicals, preferably 
of 3 to 7 carbons, including but not limited to cyclopropyl, cyclopentyl and cyclohexyl 

The term "aryl" is used herein at all occurrences to mean 5- to 14-membered substituted 
or ^substituted aromatic ring(s) or ring systems which may include bi- or tri-cyclic systems 
including, but not limited to phenyl, naphthyl. 

ri. ™ term " / f X5 inhibit ° r " iS ^ here,n at a " ° CCUrrences to mea » a «"Po«nd, other 
than inhibitory smads, e.g. smad6 and smad7, which selectively inhibits the ALK5 receptor 

1U preferentially over p38 or type II receptors. 

The term "ALK5 mediated disease state" is used herein at all occurrences to mean any 
disease state which is mediated (or modulated) by ALK5, for example a disease which is 
modulated by the inhibition of the phosphorylation of smad 2/3 in the TGF-1 P signaling pathway! 

IS A' k ^ u U,Cere " ,SUSedhereinata,,occu ^ n ^toi„c^^^ , 

15 diabetic ulcers, chronic ulcers, gastric ulcers, and duodenal ulcers 

The compounds of formula (I) can be prepared by art-recognized procedures from known 
or commercally available starting materials. If the starting materials are unavailable from a 

ZZnhtl aT 6 ' " Sy0theSiS ^ deSCribed herein ' ° r ^ 66 PreparCd by Pr0cedures " 
_ Specifically, compounds of formula (I) wherein one of Xj and X 2 is N and the other is 
NH may be prepared as illustrated in Scheme 1 for compounds wherein X, isNandX 2 isNH ! 

ZtefrT roma2( ^ 

f : , ™ * OXUne ° h iS C ° ndenSed Whh m a,deh y de «"» NH40Ac to give a hydroxy 
described inUS Te^l^ ^ *" ^ ^ ^ "P^e by the method = 
fmZ^ ^ ' 8 ' Ve ^ COfreS P° ndin g imidazo,e - hydroxy imidazoles used as 
mtermediates ,n th,s reaction are also novel and as such form part of the present invention 
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Scheme 1 
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Alternatively, the ketone may be oxidised to a diketone with HBr in DMSO This 
diketone can then be condensed with a suitably substituted benzaldeyde and ammonium acetate to 
give the imidazole according to the method outlined in WO 98/56788 and as illustrated in Scheme 
2 for compounds wherein X! is N and X 2 is NH. 



Scheme 2 





Non-select,vealkylationofthe imidazole nitrogen (using one of the procedures outlined 
m N. J. Overton et aft J. Med Chenu, 1999, 42, 2180-2190) with a compound of formula L-R" 
wherem L is a leaving group, e.g. halo, sulfonate or triflate, will yield both isomers of the 
compounds where one of X, or X 2 is NR" wherein R» is C^alkyl, or C 3 . 7 cyc.oalkyl, as 
illustrated ,n Scheme 3, the isomers can be separated by chromatographic methods. 
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Scheme 3 
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Compounds of formula (I) wherein one of X X and X 2 is N and the other is O may be 

S ? t0 SCheme ^ ^ ketone ™ V be ~*-d via catal^dlen to 

afford the ammo ketone which can be further reacted with an appropriately subsLefbTnzov 
chlonde compound. Reaction of the amide product with thionyUhLde SSTS" 

Scheme 4 





15 





Compounds of formula (I) where one of Xi and Xo is CH or CHR« mn *, 
— g to scene 5. A ^ aubadtoted acetopneno , ^£S^JZZL 
under ^ conditio^ afford «he enone .,d„, prodoct T„ is enone ° J^™^ 

ydeU ^ r ^ i " mCyMide ^ isto « ff °« 1 ^ 'Adtotonel „ is 
oondeosedwidi ammonium acetate to afford the pjmole. "onewn.cn is 
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Scheme 5 
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During the synthesis of the compounds of formula 0) labile functional groups in the 
intermediate compounds, e.g. hydroxy, carboxy and amino groups, may be protected A 
comprehensive discussion of the ways in which various labile functional groups groups may be 
protected and methods for cleaving the resulting protected derivatives is given infor example 

10 m f "&°Wtn Organic Chemisty, T.W. Greene and P.G.M. Wuts, (Wiley-Interscience 
10 New York, 2nd edition, 1991). "wsswence, . 

Further details for the preparation of compounds of formula (I) are found in the 
examples. 

The compounds of formula (I) may be prepared singly or as compound libraries 
compnsmg at least 2, for example 5 to 1,000 compounds, and more preferably 10 to 100 
compounds of formula (I). Libraries of compounds of formula (I) may be prepared by a 
combmato^ 

phase or solid phase chemistry, by procedures known to those skilled in the art 

com n • 11,US t a i CCOr !' ing t0 a &rther Mention there is provided a compound library 

. compnsmg at least 2 compounds of formula (I) or pharmaceutically acceptable salts thereof 

Accordmg to a further aspect of the present invention there is provided the use of a ' 
compound of formula (I) or a pharmaceutically acceptable salt thereof, in the manufacture of a 
med.cament for the treatment of a disease mediated by the ALK5 receptor in mammals 

ALK5-med,ated disease states, include, but are not limited to, chronic renal disease acute 

ulcers, ocular d.sorders, corneal wounds, diabetic nephropathy, impaired neurological function 
Alzhenner-s d,sease, trophic conditions, atherosclerosis, any disease wherein fibrosis is a maio 
component, mcludmg, but not limited to peritoneal and sub-dermal adhesion, lung fibrosis and 
liver fibrosis, and restenosis. 

By the term "treating" is meant either prophylactic or therapeutic therapy. 
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inh'htf A ?^ S t0 " ^ ° f the pr6Sent inventi0n «■ provided a method of 
Phosphorate of smad2 or smad3 by the type I or activin-like kinase ALK5 receptor 

5 hhiMri I f t0 3 ^ 3SPeCt ° f ^ PrCSent inVenti ° n **• is P rovide d a method of 
5 mh.b.tmg matnx formation in mammais by inhibiting the TGF-p signalling paW for 

The pharmaceutical^ effective compounds of formula (I) and pharmaceuticallv 
or d luenfc .ccordtng to conventional procedures well town in the art. The* procll ™1 

According to a further aspect of the present invention there is provided a oha,™,™.*- . 
ZeTanT^ 

thereof; and a pharmaceutically acceptable carrier or diluent. 

^ epWawutiM,com P° siti °nsofmemventionraayb^ v *• 

-prepar^uon^suchasomlorsterileparentemlsolution^ amsorhqu,d 
ointn.ent? 6 tOP,CaI f °™ UMoD3 of *» P resent Mention may be presented as, for instance 
'5 alt 7™ " l0tl ° nS ' ° intmentS Cye ° r ear d ™P*> -Pregnated dreC S n d 

as^ ayTOnteinaPPr °^ 

ass,st drug penetration and emollients in ointments and creams.. 

The formulations may also contain compatible conventional carrier* ™h ao 
known ,n normal pharmaceutical practice. Oral liquid preparations may be in the fa™ J r 
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for example almond oil, oily esters such as glycerine, propylene glycol, or ethyl alcohol- 
preservatives, for example methyl or propyl />-hydroxybenzoate or sorbic acid, and, if desired 
conventional flavouring or colouring agents. 

Suppositories will contain conventional suppository bases, e.g. cocoa-butter or other 
-> glyceride. 

For parenteral administration, fluid unit dosage forms are prepared utilizing the 
compound and a sterile vehicle, water being preferred. The compound, depending on the vehicle 
and concentration used, can be either suspended or dissolved in the vehicle. In preparing 
solutions the compound can be dissolved in water for injection and filter sterilised before fillin* 
lU into a suitable vial or ampoule and sealing. 

Advantageously, agents such as a local anaesthetic, preservative and buffering agents can 
be dissolved ,n the vehicle. To enhance the stability, the composition can be frozen after filling 
into the viaj and the water removed under vacuum. The dry lyophilized powder is then sealed in 
the vial and an accompanying vial of water for injection may be supplied to reconstitute the liquid 
15 P™r to use. Parenteral sus,^^ 

compound is suspended in the vehicle instead of being dissolved and sterilization cannot be 
accomplished by filtration. The compound can be sterilised by exposure to ethylene oxide before 
suspenduig in the sterile vehicle. Advantageously, a surfactant or wetting agent is included in the 
composition to facilitate uniform distribution of the compound. 
20 The compositions may contain from 0.1% by weight, preferably from 10-60% by weight 

of the active material, depending on the method of administration. Where the compositions 
compnse dosage units, each unit will preferably contain from 50-500 mg of the active ingredient 
Thedos^geasemployedforadulthumantreatmentwiilpreferablyrangefrom 100to3000mg 
per day for mstance 1500 mg per day depending on the route and frequency of administration 
25 Such a dosage corresponds to 1.5 to 50 mg/kg per day. Suitably the dosage is from 5 to 20 mg/kg 
per « 

It will be recognized by one of skill in the art that the optimal quantity and spacing of • 
indivuiuai dosages of a formula (I) compound will be determined by the nature and extent of the 
condition being treated, the form, route and site of administration, and the particular mammal 
^eing treated, and that such optimums can be determined by conventional techniques. It will also 
be appreciated by one of skill in the art that the optima, course of treatment, i.e., the number of 
doses of the formula (I) compound given per day for a defined number of days, can be 
ascertained by those skilled in the art using conventional course of treatment determination tests 
i No toxicological effects are indicated when a compound of formula (I) or a 
.35 .._ .pharmaceutical* acceptable derivative thereof is administered in the above-mentioned dosage — 
range. 6 

specific. . on, arc herein incorporated by reference an if each individual publication were 
40 teh MM *"" y * «*— *> *ongh fully se, 

the sco J!,f r° Wine . ffiaW,| ' l,!S "" 0 * M m ' rely illuara,ive " 4 * « ""■to*" oo 

the scope of the mventton in any way. I„ the Examples, mas, spectra were performed using an 
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EXAMPLES 

The utle compound was prepared from 4-benzof 1 3Idioxol 5 vl 7 ra iT 7 
y.hnidazoM-o. using me procedure „ „ s ^It^^^^^^- 

cyanophe„ylH<4-fluoropheoyl).5-(4-pvridvll Iff imi . . »'° P"*^ 2<4- 

5-92 (2H ;S ), 6.83 - 6 98 (5R m 71, T ^'*™ daz0,,! ' HNMR (250 MHz; CD3OD) 5: 

methylaminein J^ETS "*T^?^ , "'' ,d, *»" , - , »«' 
18 h. T^rUtec^pold^l wCtor 1,, ° Sn, T Sti,Teda,ambien,tem ' >eran - f '" 

(3a s),5.89(2H >s ),s.76(lRd) 6 85 , 8 „'^"*- " ^ < 250 ^ CD3OD) 6: 2.84 
20 m/z (ESMS): 399 [M+HJ® " ^ * 8 °° (2H " * 8 49 < 1H - "* 

gg£ ^^Wl^S-y^^ 
25 SfT**'^ 1 *^''^ Mrochloride 

JO under reduced VTT'' brme - *"=« <MsSO<) and evaporated to dryness 

..•quidohromaC"' *^1^^{™^»"*^«>^ 
(ESMS): 4«:i pS5»: ( mX 7 S5 (2a * 8 00 " S 2 » OH, mX 8.59 (1H, d); m/z 

Prepared according to the method of Examole 1 from o xa u 
^l^etrazo,-^ 

8), 6.96 - 7.12 (3H, m), 7 59 - 7 74 f2H m. l in • « , ( MHZJ CD3 ° D) 5: 6 03 <2H, 

40 [ESMSj: 382.0 fM^j®. m) ' 8 ' 10 - 8 25 W m), 8.61 . 8.63 (1H, m); m / z ^ 

Examples: lH^n^[im 0 xol.5.y^p^in^yUm i mi a.,.i ^ * . 

acid 3 " na,n ^-y'-^'m'dazol^-yO-phenoxyJ-acetic 
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4 : (4-Ben20[l^^ (35? mg . } ^ 

dissolved in tetrahydrofuran (20 ml) under argon and treated portionwise with sodium hydride 
(60% d,spersion in oil; 60 mg; 1.5 mmol). When effervescence had ceased, bromoacetonitrile 
(178.5 mg; 103.5 ul; 1.5 mmol) was added and the mixture was stirred at ambient temperature for 
I8h. Saturated aqueous ammonium chloride solution was added and the nitrile extracted into 
ethyl acetate. The organic extracts were combined, washed with water, saturated brine dried 
(MgS0 4 ) and evaporated to dryness under reduced pressure. The residue was purified by 
chromatography through SiO* eluting with ethyl acetate in 60 - 80° petroleum ether (50 -> 100% 
ethyl acetate gradient), to give [4-(4-benzo[U]dioxol-5-yl-5-pyridin-2-yl-l^imidazol-2-yl)- 
phenoxy]-acetonitrile (120 mg; 30 %). This nitrile (120 mg; 0.3 1 mmol) was treated with ethanol 
(30 ml) and 2M aq. sodium hydroxide solution and the resulting mixture heated at reflux for 3h 
Cooled and evaporated to dryness under reduced pressure. The residue was treated with water 
and acidified to pH4 - 5 with 5M hydrochloric acid * The yellow precipitate was collected by 
filtration, washed with water and dried at 40°C under reduced pressure (92mg; 73%). iHNMR 
(250 MHz; CD 3 OD) 8: 4.77 (2H, s), 6.12 (2H, s), 7102 (1H, d), 7.12 - 7.14 (2H, m), 7.18 (2H, d) 
7 44 7.49 (1H, m), 7.60 (1H, d), 7.86 - 7.92 (1H, m), 8.05 (2H, d), 8.72 (1H, d); m/z (API): 
416.3 [M+Hp 4 *. 

Example 6: 4-[4-(4-Fluoro-3^ 
£v benzonitrile J 1 

Prepared according to the method of Example 1 from 4-[4-(fluoro.3-methoxy P henyl>l.hydroxy- 
5-(6-me%l P yridin-2-yl>ljy-imidazol-2-yI>benzonitri^ lHNMR(CDCh)8- 2 51 (3H s) 

(to^) 7 ; 16 (3H> m) ' 733 m * 7 * 50 m * 769 (2H> d) - 806 m * 8Hz * 

Example 7: HH<Xto«o*^^ 

benzamide J 
4-[4<Fluor^3-methoxy P henyl>5.(6-me m y|pyridm.2-yl)-l^i m 

2.6mmol) (prepared according to the method of Example 1) and potassium hydroxide (0 53g) 
were added to tert-butanol (50ml) and heated overnight at reflux. On cooling, the solid mixture 
was diluted with ethyl acetate and evaporate m vacuo. The residue was then partitioned between 
dichloromethane and water. The organic phase was dried over sodium sulfate and concentrated in 
vacuo to afford the title compound. 1 H NMR( CDCI 3 ) 8: 2.57 (3H, s), 3.91 (3H, s), 7.01 (1H d) 
7.09-7.21 (2H, m), 7.33 (2H, d), 7.46 (IH, t), 7.90 (2H, d), 8.06 (2H, d); m/z (API) 403 (M + Sf 



25 
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35 



40 



E^!e&~4-[4-(3-^ 
yljbenzonitrile 



Prepared according to die method of Example I from 4-[4-(3-Fluoro-4-methoxyphenylM- 
hydroxy-5-(6^methylpyrid«n-2.yl)-I/r.im«dazol-2-ylJbenzonitrile. lHNMR(CDCI 3 ) 8- ( 2 48 

405^ mv) 7M ' 7M <2H ' m> ' 7 ' 30 ' 7 ' 57 (4H ' m) * 767 {2K d) * 8 03 (2H « d); m/z(AI>r > 
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Prepared according to the method of Example 7 from 4-[4-(3-fluoro-4-methoxy-phenyl>5-(6- 
methy|.pynd.n-2-yi>lH-imidazol-2-y!]benzonitriIe. 1 H NMR (CDCh) 8- 2 57 (3H s) 3 96 

^Zon^^ 

Prepared according to the method of Example 1 from 4- f 4-benzo[l O^nMa^y^U 

H, s) 6*5-6.97 (1H, m), 7.39 (1H, d), 7.52-7.76 (1H, m), 7.75 (3H, t), 7.87 1H, d , 1 > £ 98 
(1H, m), 8.12 (2H, d); m/ 2(API) m (M +H+ 100%). 

XTmide 4 " f4 " BeMOll ^ ,OX ^^^ 

Prepared according : to Ae mehod of Example 7 from 4-[4-ben*>ri M «toW^ 
memyl-pyridm-2-yl)-lHMmidazol-2-yl]beiizonitrUe;ni/ 2 (A pi)397. 

y^ b 7^ 

Prepared according to the method of Example 1 from ^.memoxynaphthalen^yO-l- 
«« ^ otr. T y ^^^^-^ol^-yllbenzonitrile. lHNMR(CDCl 3 ) o 2 79 
. (3H, s) 3^2 (3H, s), 7.27 (1H, d), 7.45 (1H, s), 7.45 (1H, S ), 7.54 (1H, d), 7.68 S 7 98 
(2H, m), 8.07 ( 2H, d), 8. , 7 (2H, t), 8.25 (1H, s), 8.45 (2H, d); «v ^417(W^T 

ylSmide ^^^^ 

Prepared according to the method of Example 7 from 4.[4^6-methoxynaphthalen-2-yl>5-(6- 
me^ylpyndm^lH-imidazol^ylJbenzonitrile. lHNMR(CDCl3)5: 2 75(lRs 92rtH 
s), 7.27 (lH,d), 7.43-7.71 (4H,m), 7.88-7.97 (2H, m), 8.10(2H d) tlJ^M^lS 
(lH,s), 8.36 (2H, d); nyrfAH) 435 (M+H f >10 ^ W *>' 8 24 (2H ^>' ^ 

35 

l-Benzo[l A5]*iadi^ ,8.4mmol)was 
d.ssolved m ,er,-buty, methyl ether (100ml) and treated with 4-cyanobenza.dehfde (2.^ 
Ammon.um acetate (14.2g) in methanol (20 ml) was added and the reaction was heated! reflux 

2*^ hl °™^™ MdbrU *- ^O-h'oromethanelayerwasseparated.dried 

222?^ CV T to ^ under reduce pressure - Ue m com P° und was w-i" by 

s.hca gel column chromatography using a 1: 1 ethyl acetate: petroleum spirit solution as eluent 
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(400mg,5.5%). 1 HNMR( P |^)«:^ W , X 7^(^dX7^7-7J3(^X777aH d) 
7.95-8.17 (4H, m), 838 (1R s); m/ z(A PI) 395 (M+H+100%). W X 

Example 15: H4-Be.izo[ W ]thiad^^ 
yljbenzamide 

Prepared according to the method of Example 7 from 4-[4-benzo [l,2,5]thiadiazol-5- y |-5-(6- 
methylpyr,d,n-2-yl>li/.imlda Z ol-2-yl]ben Z onitrile. lHNMR(CDC! 3 ) 5: 2.44 (3H s) 6 94.2H 

7. 12 (IR s), 7.58 (,R t), 7.81 (2R d), 8.13 (IR d), 8.32 (,R s), 57-8.64 (1ft mi 8 95 
(lH,s);m/ 2(A PD413(M+H+ 100%). U«,m;,8.95 

10 

Example 16: 4-[4-Benzo[13Jdioxol-5-yl-^^ 
benzonitrile ' 

Prepared according to the method of Example 1 from 4-[4,beWo[l jidioxol-5.yH-hydroxy-5- 
6^methylpyndm^ * 

15 (2R d), 6.88 (Hid), 7.00 (2R d), 7.14 (1R S ), 7.17 (1H, d), 737 (IRd) 7 49(1R0 7 68 
(2H,d), 8.02 (2H,d);m\z (API) 381 (M+H+). W * ™* 

Example 17: H4-BenzoI13|dioxol-5-y^^ 
yljbenzamide 

20 Prepared according to the method of Example 7 from 4-[4-benzo[13]dioxol-5-yl-5-(6- 

methylpyridin^yH^-imidazoW-yl] benzonitrile. 1 H NMR (CDC1 3 ) 8: 2.48 (3H s) 5 66 HR 
br. s), 6.01 (2R d), 6.01 (1ft brs), 6.86 (IR d), 6.98 (2R d), 7 14 (2H m) 7 33 (1R d) 7 46 
(iat),7.77(2Rd),7.94(2ftd);m\z(API)399(>f+R^.. * °* X ^ 

25 Example 18: H^4-C*a»ophenyI)-5K(^ 

qmnoxaline J J 

A sttaed solution of <K2-[6.m e thylpyridi».2. y l].2-oxo-acetyO qo i n oxali«e (1.2 g, 4.3 nunole) to 
und? ' tIT'' tteate( ' Wittl an>mo " ium ace <ate (13 g, 169 ramote) and halted 

^1?T™T* (E,0A ' !/ ' Mtrol *» <° *• the tide compound as a yellow solid (260 Z 
•5%). 1 H NMR (250 MHz; CDC1 3 ) 8 : 8.89 (2H, bt. a), 8,45 (1H, 8.19 (2H, s) 8 09 CH 
ft 7-75 1 C2H. d), 7.52 (1H, 1). 7.39 (,„. d), 7.09 (1H. d). 2.49 (3H, a,; J^Z 



35 



40 



(200 m* ot r " 

200 m g , .o.52 mmole) m DMSO (10 ml) was treated with (30% aq., 1 ml). After 15 h the 
sout,onwa.b ro ugh^ 

column. After washing with MeOH, the title compound was eluted with 0.2N NH, in MeOH 
gmngayellow solid (32 mg, 15%). 1 H NMR (250 MHz; CD 3 OD) 8 : 8.78 (2K b Tsl 
(1H, s), 8.09 (2H, d), 7.98 (2H, s), 7.91 (2H, d), 7.61 (1H, t) 7 35 (1H br d) 7 16 ml 
2.43 (3H, s); m/z fjESMS]: 407 [M+H] + . " ( * 716 (1H ' d) ' 
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INTERMEDIATES 

iToridT 00 1: 4 " ( ^ BenzoIU,diox ^^ 

ac . d ^ accofd 

^ 1 1 ! ( 3?9m8; °' 98mm0 ' } W3S SUS P ended in * ^loromethane ( 20ml ) 

and treated w,th oxalyl chloride ( 2ml ) and N,N-dimethylformamide ( 1 drop ). This mixture 
-surredatambienttemperature for 5h then «^LlS te 

Rive the title CnmnnimH « » 1 K . 



10 give the title compound as a yellow powder. 

di^nf^H !^ ^ ^^^^'"^^'^^"^"^''^^'''^''^''^ C^-88g, 21.8mmol) was 

d»M in dimethyl suboxide (50 ml) heated ,o 60 -C. Hyd ro ge„ bromide (7.1ml of a 48% 
15 soluhon ,„ water) was added dropwise and the action stined for 3 hours at 60 -C. The cooled 
reaehon was poured into water (1 00 m!) mi the pH adjusted to pH 8 with saturated sodium 
bicarbonate solutioa. The orgaaio produet was extracted into ethyl acetate (3 x 100 ml, dried 
l7^Z m ' Sa ° S '" m SU ' fate ""' eVa|>0n ' ted ,0 u " to pressure (5 19a, 

(IH, d), 8.28 (lH,d),«.45 (ias);m/ z (API)21t4(M+H+,100%). 

Preparation3: Quinoxaline-6-carbonyI chloride 

i SS^O ('•» e, 10.3 mmole) ipHem. Ber. 1953, 86, 1295) 

25 IS? ( ^ 80,,C 3 h ' * ell ° w "**» ""ceateated by 

25 d,a.«a«,oa, and *e residue treaed „«, toluene and coacenteated to dryness /„ voce, giving a 
pale beige solid (2.0 g, quant), m/z [ESMSJ: 203 [M+EtOH-CI) + . 

Preparation* H2-(6-MethylpyridiD-2-yl>.acetyl|qataoxaliae 
10 ™ 0f k 2 ' 6 - |U,i<li " e < M «• » "tutyTHF (100 ml) a, -60>C under Ar was 

10 treated dropwise with a solution of BuLi in hexane (2.5 M, 5.2 ml, 13 mmole). After 30 mins a 

20 C Aft t^" 6 (Uml ' U *" "» "» - "on wZed ,o 

20 C After a farmer 30 mins d,. somtion was cooled to -50-C imd transferred Wa caaula to a 
shoed solutioa of qmnoxmine-o-cartonyl chloride (2.0 g, 10 J mmole) in THF (100 ml) a, -60'C 

11,6 m,X,ure » ""^ *™ugh Kieselguhr and the filiate worked upas 
normal (EtOAc. water, Na 2 S0 4 ). Filiation through silica elating with ElOAc gave the product as 
ayellow s ol,d(l.65g,5l%).m/ Z (ESMS):264(M+Hr'-. tneproouctas 

Preparation St «-PK<-M«hyl P yrldi».2.y|).2H,xo-ae.<yll,u 1 „.xalto« 
' DMS^50 rfT' W^to^t-y****^****™ (1-65 g, 6.3 mmole) in dry 
S^ml^A TT*. °" (, : C(fo ' mi "**^ l -» l »«°»)^'-««'<' ro pwisewi t ha, 
• °' " S °""" > " WaS C00,ed ' P 0 "™ 1 °«* i»-w a ter and brought to oH 10 

with K 2 C0 3 . Extraction with EtOAc (3x X drying over N^S0 4 , fllt^on Md col^o 
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dryness in vacuo gave the title compound as a crimson oil (1.5 g, 86%). m/z [ESMSV 278 
[M+H] + . 

Biological Data 

5 The biological activity of the compounds of the invention may be assessed using the 

following assays: 

Method for evaluating ALK5 kinase phosphorylation of smad3 

Basic Flash-Plates (NEN Life Sciences) were coated by pipetting 100 micro liter of 0.1 
molar sodium bicarbonate (pH 7.6), containing 150 nanograms of the fusion protein glutathion-S- 
10 transferase-smad3/l00 micro liter of coating buffer. Plates were covered and incubated at room 
temperature for 10-24 hours. Then the plates were washed 2 times with 200 micro liter of coating 
buffer (0. 1 molar sodium bicarbonate) and allowed to air dry for 2-4 hours. 

For the phosphorylation reaction each well received 90 microliter containing 50 
millimolar HEPES buffer (pH 7.4); 5 millimolar MgCl 2 ; 1 miHimoWaCl 2 ; 1 millimolar 
1 5 dithiothreitol; 100 micromolar guanosine triphosphate; 0.5 micro Ci/well gamma 3 3p-adenosine 
triphosphate (NEN Life Sciences) and 400 nanograms of a fusion protein of glutathion -S- 
transferase at the N-terminal end of the kinase domain of ALK5 (GST-ALK5). Background 
counts were measured by not adding any GST-ALK5. Inhibitors of ALK5 were evaluated by 
determining the activity of the enzyme in the presence of various compounds. Plates were 
20 incubated for 3 hours at 30°C. After incubation the assay buffer was removed by aspiration and 
the wells were washed 3 times with 200 microliter cold 10 millimolar sodium pyrophosphate in 
phosphate buffered saline. The last wash was aspirated and blotted plate dry. Plate was then 
counted on a Packard TopCount 

25 Fluorescence Anisotropy Kinase Binding Assay 

The kinase enzyme, fluorescent ligand and a variable concentration of test compound are 
incubated together to reach thermodynamic equilibrium under conditions such that in the absence 
of test compound the fluorescent ligand is significantly (>50%) enzyme bound and in the 
presence of a sufficient concentration (>10x Kj) of a potent inhibitor the anisotropy of the 
unbound fluorescent -ligand is measurably different from the bound value. 

The concentration of kinase enzyme should preferably be 1 x Kf. The concentration of 
fluorescent ligand required will depend on the instrumentation used, and the fluorescent and 
physicochemical properties. The concentration used must be lower than the concentration of 
kinase enzyme, and preferably less than half the kinase enzyme concentration. A typical protocol 

IS! 



30 



35 



- All contponentsxiissdlved in Buffer of final composition 50 mM HEPES, pH 7.5, 1 mM 
CHAPS, 1 mM DTT, 10 mM MgCI 2 2.5% DMSO. 
ALK5 Enzyme concentration: 4 nM 
Fluorescent ligand concentration: I nM 
40 Test compound concentration: 0.1 nM- 100 uM 

Components incubated in 10 ul final volume in UL HE 384 type B black microtitre plate 
until equilibrium reached (5-30 mins) 

Fluorescence anisotropy read in UL Acquest. 
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Definitions: Kj - dissociation constant for inhibitor binding 

Kf - dissociation constant for fluorescent ligand binding 
The fluorescent ligand is the following compound: 



N W N 





ch.oro H WhiC , h ^/f 7 d fr ° m 5 - [2 ^ arainOme *y , P hen y0-5-pyridin-4-y..lH-imida 2 oM.yl]-2- 
chlorophenol and rhodamine green. y J 



Inhibition of Matrix Markers: Northern Blot Protocol 

Data confirming activity in the enzyme assay was obtained as follows 
PMRU ^ ePitheUal CarCin ° ma Ce " linCS W6re ° btained from ATCC grown in 

with 1 ° % fetal ca,f sen,m ' penici,,in (5 units/mJ > and 

(5ng/ml). A498 cells were grown to near confluence in 100mm dishes, serum-starved for 24 

SS-ftr^ ^ C ° mPOUndS 4 ^ f °" OWed by 3 10 ^ ml addition of TGF-betal 
(R&D Systems, Inc., Minneapolis MN). Cells were exposed to TGF-betal for 24 hours. Cellular 
RNA was extracted by acid phenol/chloroform exaction (Chomczynski and Sacchi 1 987) Tel 
m.crograms of total RNA were resolved by agarose gel electropholis and transfer^ to nybn 

Z?JT1 P T S (Strate8 r * U CA> f ° r Memb — were 

X^o. ' ,°T gm8 P " - bandS W6re Vi5Ua,ized » d « uantified with ^geQuant 
software (Molecular Dynamics, Sunnyvale, CA). 

Inhibition of Matrix Markers: Western Blot Protocol 

Data confirming activity in the enzyme assay was obtained as follows 

Cells werogrown to near confluence in flasks, starved overnight and treated with TGF- 

P ItteTrt , Ce,,S ™ «-**«4» hours after treatment with icecold 
phosphate buffered salme, then 500 microliter of 2X loading buffer was added to plate and cells 

Avl^ d T in miCr0Centrifu 8 e ■»*■• (2X loading buffer: lOOmM^ H^8 

4/o sodmm dodecyl sulfate, 0.2% brcmophenol blue, 20% glycerol, 5% beta-mercapto-etC) 

f ^ andVOrteXCd Samp,e ^ WW for 10 20 microliters of 

sample was loaded on 7.5% polyacrylamide gel (BioRad) and electrophoresed 

blotti™ M f T t,0nated r tdnS ,n 861 WCrC Umaami to nitroce »^ ™«"brane by semidry 
blotting. Membrane was blocked overnight with 5% powdered milk in phosphate buffer saHne 

(PBS)and005o/oTween-20at4de g reesC. After 3 washes with PBS/Twee membranes were 
-^th primary antibody ^k^^^^ ^^J^^ 

IZn^Z T ^ T bated SQC ° ndary antib0dy f0r 1 h0Ur at ™ m ^Perature. 
. Finally, a signal was visualized with ECL detection kit from Amersham. 
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The compounds of this invention generally show ALK5 receptor modulator activity 
having IC 50 values in the range of 0.0001 to 10 uM. 
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Claims: 

1 . A compound of formula (I) or a pharmaceutical^ acceptable salt thereof: 



IM3 



11/ u 



r/ 



wherein R, is naphthyl, or phenyl optionally substituted with one or more substituents 
selected from the group consisting of halo, -O-CLgalkyl, -S-C^lkyl, C,. 6 alkyl, C, 
Shaloalkyl, -0-(CH 2 ) n -Ph, -S-(CH 2 ) n -Ph, cyano, phenyl, and CC^R, wherein R is hydrogen or 
Chalky!, and n is 0, 1, 2 or 3; or Rj is phenyl fused with an aromatic or non-aromatic cyclic 
nng of 5-7 members wherein said cyclic ring optionally contains up to three heteroatoms 
independently selected from N,0 and S; ' 

R 2 «s H, C^alkyl, C^alkoxy, phenyl, NH(CH 2 ) n -Ph, NH-C^alkyi, halo or alkoxy 
R 3 is CGOH, tetrazole, CN, NOz, OH, -S^alkyl, -SO-C^alky!, -O-C, fi alkvl 

CONHR. , (CH 2)n C0 2 R', or (CH 2 ) n CONHR wherein R' is hydrogen or C^alkyl, and n is 0 1 
£ or 3; and * * 

oneofX l™ d X 2 isNorCR^and^ 
C,. 6 alkyl, or C^cycloalkyl; or when one of Xl and X 2 is N or CR« then the other may be S or 

provided that the compound is not one in which Rj is naphthyl, or phenyl optionally 
substrtuted with one or more substituents selected from the group consisting of halo, -O-C, 
6-alkyl, -S- Cl 6 alkyl, Chalky!, -0-(CH 2 ) n -Ph, -S-(CH 2 ) n -Ph, cyano, phenyl, and G0 2 R, 
wherem R , s hydrogen or C^alkyl and n is 0, 1, 2 or 3; or Rl is phenyl fused with an aromatic 
or no„ aromas cychc ring of 5-7 members wherein said cyclic ring optionally contains up to two 
heteroatoms, independently selected from N, O and S; 

and R 2 is H, NH(CH 2 ) n -Ph or NH-Ct_ 6 alkyl'; and 

and R 3 is C0 2 H, CONH 2 , CN, N0 2 , C^alkylthio, SOs-C^alky!, C, <alkoxv 
SONH 2 , CONHOH, NH 2 , CHO, CH 2 OH, CH.NH* or CO^wfJefn R^s hydrogen orC 1 . 

2. A compound according to claim I wherein R, is phenyl optionally substituted with one 
or more subst.tuents selected from the group consisting of halo, C^alkoxy, C^a.kylthio, and 
phenyl; or R, ,s phenyl fused with an aromatic or non-aromatic cyclic ring of 5-7 members 
wherem said cyclic ring optionally contains up to two heteroatoms, independently selected from 
N, O and S. 
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3. 



A compound according to claim I or 2 wherein R 2 is other then hydrogen and 



positioned ortho to the nitrogen of the pyridyl ring. 



is 



4. A compound according to any one of the preceding claims wherein Ri is CChH 
CONH 2 ,CONHOH,CH 2 OH,CNortetrazole. 

5. - A compound according to any one of the preceding claims wherein one of Xi and X9 is 
° r .?i\ and ^ 0ther is W or CHR " herein R- is hydrogen, C,. 6 alkyl, or C 3 . 7 cycIoal£l 

provtded that at least one of X, and X 2 is N orNR"; or one of one of X, and X 2 is N and the ' 
other is O. 

6. A compound according to claim 5 wherein' one of Xj and X 2 is N and the other is NR". 

.7. A compound according to any one of the preceding claims wherein each R' is hydrogen. 

8. A compound according to claim 1 selected from: 
4K4-Benzo[U]dioxol-5-yl-5-py^ 
4^4-Benzo[l,3]d« 0 xol-5^ 
4-4-BenzoCU^ 

4-[4^4.FIuoro.3-methoxyphenyl>5<6-methylpyrid m -2-yl>l/rMmidazoI^ 
benzonraile; 3 J 

4-t4.(4-Fluoro-3-methoxyphenyi>5K6.methylpyridii 1 -2-yl> 
benzamide; J J 

yljbenzonitriie; 

4-[4<3-Fluor<>^-memoxyph^^ 
yl]benzamide; 

4 -r4-Benzo[lA5JoxadiazoJ-5od-^6,me^ 
yljbenzonitriie; 

4-[4<6-Methoxynaphmalen-2-yl>5^^ 
yljbenzonitriie; 

yljbenzamide; 

4 -^ Ben 2o[r,2,5]miadiazol-5-yl-5K6.memylpyridin.2-yl>l^i m idazol-2. 
yljbenzonitriie; 

^^BenzofUSJdioxol.S.yl-He-memylpyridin-^ 

tn1^T Pheny,>5 ' ( ^ methyl ^ 
H2K4-Carboxamido P henyl^^ 
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and pharmaceutically acceptable salts thereof. 

9. A pharmaceutical composition comprising a compound according to any one of the 
chums 1 to 8, or a pharmaceutically acceptable salt thereof, and a pharmaceutically acceptable 
carrier or diluent. r 

10. A method of inhibiting the TGF-B signaling pathway in mammals, comprising 
administering to a mammal, Comprising administering to a mammal in need of such treatment, a 
therapeutically effective amount of a compound according to any one of claims 1 to 8, or a 
pharmaceutically acceptable salt thereof. 

11/ A method for treating a disease selected from chronic renal disease, acute renal disease 
wound healing, arthritis, osteoporosis, kidney disease, congestive heart failure, ulcers, ocular ' 
disqrders, corneal wounds, diabetic nephropathy, impaired neurological function, Alzheimer's 
d lS ease, troph.c conditions, atherosclerosis, peritoneal and sub-dermal adhesion, any disease 
wherein fibrosis is a major component, and restenosis, comprising administering to a mammal in 
need of such treatment, a therapeutically effective amount of a compound according to any one of 
claims 1 to 8, or a pharmaceutically acceptable salt thereof. 

12. ? A method for inhibiting matrix formation in mammals, comprising administering to a 
mammal, a therapeutically effective amount of a compound according to any one of claims 1 to 8 
or a pharmaceutically acceptable salt thereof. ' 
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